Introduction
This paper examines transit ridership change in a rapidly growing, but decentralising, US urban area to determine transit's relevance in such an urban environment. The traditional view holds that transit service is effective primarily in linking suburbs to central business districts (CBD) in industrial-era metropolises whose core structure is a function of the streetcar. However, there is increasing evidence that transit can perform just as well in rapidly growing, decentralised urban areas that grew up around the automobile. In this paper, we
Literature Review
Many scholars have pointed to the decentralisation of population and employment in US metropolitan areas as a primary cause of the decline in transit mode share (Ferreri, 1992; Jones, 1985; Meyer et al., 1965; Pisarski, 1996) . These authors imply that transit is tied to a traditional, monocentric urban form and that, as this urban form disappears, transit will decline. Yet there are exceptions, as Pisarski (1996) notes in the cases of Orlando, Tampa, Phoenix, San Diego, Houston and Los Angeles.
A number of policy analysts have concerned themselves with determining how much demand exists for transit as urban form is restructured around the automobile. The consensus holds that transit demand is tightly connected to the link between suburb and CBD in industrial-era metropolises (Pucher and Renne, 2003; Zupan, 1977, 1980) . The policy implication of this view is that transit agencies should structure their service to connect neighbourhoods to the CBD, as shown in the left panel of Figure 1 . Further, many scholars hold that attempts to serve decentralised, auto-oriented suburbs are futile because, not only are population and employment dispersed, but the urban form mitigates against walking from transit vehicles to or from origins and destinations (Ferreri, 1992; Meyer et al., 1965; Meyer and Gomez-Ibanez, 1981; Pucher et al., 1983; Taylor, 1991) .
Despite this scholarly consensus, evidence is mounting that transit can be as vital in many auto-oriented areas that lack strong CBDs as it is in more traditional urban environments. Our own research has shown that not only transit use but also productivity has improved in auto-oriented metropolitan areas where transit managers have decentralised service to reach dispersed employment centres (Brown and Thompson, 2005; . This multidestination approach to transit service structure is shown in the right panel of Figure 1 . In many urban areas that have adopted a multidestination approach, both ridership (adjusted for population) and productivity have overtaken that for transit systems serving more traditional urban settings. These fi ndings have prompted us to take a closer look at the relationship between 
The Study
This paper examines trends in public transit usage in a major metropolitan area that has been undergoing rapid growth accompanied by decentralisation of population and employment. The technique that we use is time-series analysis, with which we compare patterns of transit patronage change over time with patterns of growth and decentralisation of population and employment. From the timeseries comparisons, we make inferences about the strength of transit service demand in the face of decentralisation. We do not examine issues related to transit fi nance or service productivity in this paper.
The metropolitan area that we study is Atlanta and the transit agency that we examine is the Metropolitan Atlanta Rapid Transit Authority (MARTA). We selected Atlanta and MARTA because we were able to obtain data going suffi ciently far back in time to permit the use of time-series analysis. In our analysis, we estimate two time-series models containing measures of employment and population decentralisation with controls for fare, service, motor fuel price and income. The time-frame of our analysis is 1978 to 2003, the earliest and most recent years respectively, for which we could obtain information for all the variables we examine.
Our objective is to explain observed transit patronage in terms of explanatory variables that other authors have used in similar investigations. We determine whether there is any indication that transit patronage is infl uenced by decentralising population and employment. We distinguish between population and employment that are within the geographical area served by transit versus outside it. In addition, we look within the transit service area at the distribution of employment between CBD and non-CBD locations.
Our approach follows that of GomezIbanez (1996) for Boston and Kain (1997) for an earlier analysis of Atlanta. From their work, these authors drew inferences about the relationship between transit patronage and decentralisation, even though they did not make use of variables measuring, for example, the percentage of population or employment within walking distance of transit stops or the speed of individual transit routes. While such variables could be developed for today's circumstance using geographical information systems analysis or transport demand modelling, they are unavailable for time-series analysis and hence were not used by these authors. They are also unavailable for our study and thus our approach is identical to theirs. Like Gomez-Ibanez (1996) and Kain (1997) , we make spatial inferences from more aggregate measures of decentralisation. This is a standard approach to examining these issues.
The Decentralisation of Atlanta
The 20-county Atlanta Metropolitan Statistical Area (MSA) is a rapidly growing and increasingly decentralised urban region. (The sources for the data cited in this section and the following one are discussed in the data section of the paper.) Between 1970 and 2000, the MSA population grew from 1.76 million to 4.11 million, an increase of 133 per cent (see Table 1 By 2000, three other counties adjacent to the core counties emerged as major employment centres: Cobb County (located west of Fulton County) had nearly 314 000 jobs, Gwinnett County (located east of Fulton and De Kalb Counties) had 292 000 jobs and Clayton County (located south of Fulton County and the site of Hartsfi eld-Jackson Atlanta International Airport) had 136 000 jobs. By 2000, all these counties had more than 600 jobs per 1000 residents, indicating that they are employment centres as opposed to dormitory suburbs. All other counties had fewer than 40 000 jobs each and a relatively low level of employment per 1000 residents (see Figure 2 ). Figure 2 overlays the then-current MARTA rail system atop the distribution of employment in the panels for 1980, 1990 and 2000 . The fi gure shows that MARTA rail service is restricted to a small portion of the two core Figure 3) . MARTA provides rail service to all these super districts except North Fulton. The annual growth of employment within the MARTA service area outside the CBD is an indicator of decentralisation with the transit service area.
The decentralisation of population and employment poses challenges to transit managers seeking to provide service that connects riders to the increasingly dispersed destinations they wish to reach. Our particular interest is the influence of employment (1967, 1972, 1977, 1982; 1960-79; 2006) decentralisation on ridership, because (as is done in transport demand models) the distribution of employment can be viewed as a proxy for other travel destinations whose distribution tends to follow that of employment, including entertainment, shopping, personal business and educational sites.
These sites represent most of the places transit riders wish to reach. Only one category of travel, visiting friends and relatives, is not related to employment location. In the next section, we turn our attention to MARTA and examine its ridership trend during this period of decentralisation in the Atlanta MSA. 
MARTA's Performance in a Decentralising Metropolis
MARTA is the primary transit provider in the Atlanta MSA. MARTA was the only public transit service provider in the region until July 1989 when Cobb Community Transit (CCT) began service. In the past few years, three other agencies began to offer transit service: Clayton County Transit (C-Tran), Gwinnett County Transit (GCT) and the Georgia Regional Transport Authority (GRTA) XPRESS commuter service. Much of the service provided by these agencies feeds into MARTA rail stations or runs directly into the Atlanta CBD. Of these four newer agencies, only CCT provides a signifi cant amount of service. Even so, it accounts for a mere 4 per cent of transit patronage (passenger kilometres). By contrast, MARTA carried more than 93 per cent of all Atlanta MSA transit riders (passenger kilometres) in 2003.
As Figure 4 shows, MARTA's bus and rail service is largely restricted to the two core counties, Fulton and De Kalb. This is a result of the region's transit history (Skinner, 2006) . During the 1940s, Atlanta CBD business leaders fi rst conceived of building a new rail rapid transit system linking the suburbanising and affl uent northern counties with the CBD as a means of preserving the CBD's dominant economic position and offering offi ce workers an alternative to the automobile for what was becoming an increasingly congested auto commute. By the 1960s, poorer inner-city areas to the east, west and south of the CBD made appeals to equity in arguing for a seat at the table planning rapid transit and their efforts resulted in the inclusion of an eastwest line and a southward extension in the region's rail transit plans. Ultimately, when the creation of the district to build the rail system came up for a vote in 1971, Cobb and Gwinnett Counties in the north-west and north-east dropped out, leaving a service area for what became known as MARTA composed of only Fulton and De Kalb Counties.
As part of the successful 1971 vote, MARTA acquired the Atlanta Transit System (ATS), which operated a large number of bus routes that connected neighbourhoods in Fulton and De Kalb Counties with the Atlanta CBD, and reduced fares to 15 cents for a period of 7 years. This fare reduction programme ended in 1979 when fares rose to 25 cents, by which time the rail construction programme begun in 1975 was well under way. As new rail stations opened, MARTA rerouted bus lines into them and discontinued the parts of some bus routes that previously ran into the CBD. The purpose here was to improve transit productivity by replacing as many bus kilometres with as few train kilometres as possible.
MARTA patronage grew steadily during the mid 1970s as riders took advantage of the reduced fare programme (see Figure 5 ). Patronage growth then slowed, only to rebound strongly during the energy crisis of 1979-80 just as the fi rst rail line opened. A recession on the heels of the energy crisis brought ridership down, but ridership began climbing again in the mid 1980s. Another patronage spike occurred with the 1996 Olympics and the economic boom of the late 1990s. Patronage decline after 2001 corresponds with declining employment inside the MARTA service area after that date.
Passenger kilometres followed a similar trend (see Figure 6 ), with the signifi cant exception that the average distance travelled by rail passengers began to grow soon after the fi rst rail line opened and it continues to increase to the present time (see Figure 7 ). In contrast, the average trip length of bus passengers has remained roughly constant throughout this period. According to conversations with MARTA staff, the lengthening of rail trips is a function of two suburban travel phenomena, passengers from the northern parts of Fulton and De Kalb Counties have used special parking lots adjacent to stations in those areas to park their cars and ride trains to the airport.
Another relatively new passenger movement that may be occurring as an outgrowth of truncating bus lines in rail stations is bus passengers riding from suburban residences to jobs in the suburbs. When buses enter a suburban station to feed or be fed by trains, they have the potential of feeding or being fed by each other as well. While not planned, this type of bus-to-bus passenger movement appeared at the northern stations of the Dallas light rail system (Thompson, 2006) . In some northern stations in Dallas, its magnitude exceeds bus-to-rail passenger movements. The phenomenon occurs where buses serve large concentrations of jobs near suburban stations, which happens throughout north Dallas but not in south Dallas. Unfortunately, MARTA does not have transfer data to confi rm whether such movements are occurring at its northern stations where concentrations of jobs are near bus lines serving northern stations, but because such movements are occurring in similar settings in Dallas, it is likely that they are occurring in Atlanta as well.
In examining MARTA's ridership over the past three decades, it appears to us that it is linked to employment growth within the area it serves and is constrained because it does not serve employment in the rapidly growing outer counties. We decided to examine statistically the relationship between ridership and employment both inside and outside the area MARTA serves.
Analysis of the Relationship between Transit Ridership and Decentralisation
We estimate two time-series models that explain ridership as a function of employment decentralisation as well as variables that control for fares, service levels, motor fuel prices, income and the decentralisation of population. The fi rst model incorporates a trend variable, while the second model excludes it in order to determine whether the remaining explanatory variables are suffi ciently powerful predictors of ridership. Our models cover the time-period 1978 to 2003. The next sections of the paper discuss: ridership measures, data and sources, hypotheses, model specifi cation and model results.
Ridership Measures
Transit ridership can be measured several ways, including using unlinked passenger trips, linked passenger trips and passenger kilometres. Unlinked passenger trips, or boardings, are problematic measures because they double-count transfers and thus infl ate patronage fi gures for transit systems with high levels of transfer activity. Linked passenger trips represent the number of linked trips taken by transit. Linked trips include transfers as encompassing portions of a single trip and do not double-count them. Passenger kilometres measure the distances riders travel in a transit vehicle. One passenger riding one kilometre consumes one passenger kilometre of service.
For our time-series analysis, we use linked passenger trips per capita as our measure of transit ridership, because this is the best ridership measure for which we could obtain data for our entire study period. Table 2 reports linked passenger trips per capita from 1978 to 2003. The table shows a long-term decline in per capita ridership, slightly less than 3 per cent annually over the entire study period. Figure 5 showed that linked passenger trips increased slightly (around 6 per cent) between 1978 and 2003, but ridership has not kept pace with rapid population growth in the Atlanta metropolitan area. We would have also liked to estimate models using passenger kilometres, but passenger kilometre data are only available back to 1984.
Data and Sources
We obtained data from the Atlanta Regional Commission, US Bureau of Labor Statistics, US Bureau of Economic Analysis, US Bureau of the Census, Metropolitan Atlanta Rapid Transit Authority and National Transit Database. The upper half of Table 3 lists the set of employment, population, price index and transit variables we collected for the study. The lower half of the table lists 10 variables that we calculated using these variables.
We used the combination of two variables to measure employment decentralisation. These two variables are: number of employees inside the MARTA service area outside the Atlanta CBD (De Kalb County employment plus Fulton County employment minus Atlanta CBD employment); and, ratio of employment outside the MARTA service area to employment inside the MARTA service area (including the Atlanta CBD). The fi rst variable measures the amount of non-CBD employment in the MARTA service area and thus refl ects the magnitude of employment. As discussed earlier, this variable is also a measure of decentralisation within the MARTA service area. The second variable measures , 1967, 1972, 1977, 1982 the relative distribution of employment inside versus outside the MARTA service area and is thus a measure of decentralisation at the metropolitan scale. We also estimated a model treating this variable as a magnitude variable, but there was no difference in the variable's effect on model results. We measure population decentralisation using the ratio of population outside the MARTA service area to population inside the MARTA service area.
Hypotheses
We developed hypotheses about the effects of each of our explanatory variables on transit ridership. The hypothesised effects are We also tested models using CBD employment as an explanatory variable, but found that it was not a significant influence on ridership when we controlled for the set of other explanatory variables. This is perhaps not surprising given the very modest change in CBD employment over our study period compared with the rapid growth in employment outside the CBD. One variable that we do not include in our model is travel time (or, alternately, speed) . While this variable could be obtained for the present time, it is not available over the entire time-series. By excluding it, we assume that travel time does not vary enough over space or over time to make a statistical difference in our analysis. Respected transport analysts such as Gomez-Ibanez (1996) and Kain (1997) have made this assumption in their own work. They have investigated transit demand over time using constant elasticity or ordinary least squares regression models that do not include a travel time (or speed) variable. Our approach thus follows these other scholars.
Model Specifi cation
Using the variables discussed earlier, we specifi ed our models. We began with the commonly used constant elasticity model, which we modified for use with our time-series dataset. Equation (1) RATIO_EMP t = ratio of employment outside MARTA service area to the employment inside MARTA service area (including CBD) for year t; RATIO_POP t = ratio of population outside MARTA service area to the population inside MARTA service area (including CBD) for year t; OLYMPICS t = a dummy variable indicating whether the Olympics occurred that year (for 1996 it equals 1; for all other years it equals 0); and, TREND t = trend variable, which is 0 for 1978 and which increases by 1 for each succeeding year. The β terms are parameters to be estimated. We examined the variables in equation (1), and discovered that the data were not stationary. The variables exhibited clear trends.
To obtain a stationary model, we modifi ed equation (1) by dividing it by the same equation for the preceding year. The result is equation (2). The modifi cation results in the loss of the constant, β 0 , but it creates a new constant, which is the exponential of β 10 . The new constant arises because the difference in the TREND variable between all pairs of years is 1.
Equation (2) is a widely used model for assessing demand for public transit (TRL, 2004) . To estimate it, we transformed the model by taking natural logs of both sides of the equation. Our new dependent variable is the difference in natural logs of linked passenger trips per capita. Our independent variables are differences in the natural logs for each of the variables except for OLYMPICS, which is the difference in the variable itself from one time-period to the next. (This is because the natural log of an exponential is 1.) The new constant in the transformed model is β 10 which is the parameter for the TREND variable. Our second model specifi cation, which excludes the trend parameter (the constant), is nearly identical to equation (2). It simply excludes β 10.
We estimated this model using ordinary least squares regression and found that the Durbin-Watson statistic indicated the presence of autocorrelation. Autocorrelation means that the residuals at different timeperiods are correlated (SPSS, 2004) . Residual plots indicated the presence of fi rst-order autocorrelated residuals. To correct for autocorrelation, we estimated our model using the Prais-Winsten autoregression procedure, which corrects for first-order autocorrelated residuals (SPSS, 2004) .
Model Results
We estimated two time-series models that explain MARTA transit ridership between 1978 and 2003. Both models are presented in Table 4 . The fi rst model includes the constant, which is the parameter for the trend variable, while the second model excludes the constant. Because our model variables represent the differences in the natural logs of the original variables, we can interpret the coeffi cients directly as elasticities of the variables with respect to transit ridership. In the fi rst model, the constant can be interpreted directly as the coeffi cient of the trend variable, as a result of the transformation shown in equation (2).
The first model is displayed in the left panel of Table 4 . This model includes nine explanatory variables, plus a constant which is the exponential of the coeffi cient for the trend variable. The Durbin-Watson statistic (DW = 2.079) indicates no autocorrelation. (This fi nding was also confi rmed through the use of residual plots.) The adjusted R 2 (0.904) indicates that this is a powerful model with a statistically significant collection of explanatory variables. Eight of the nine explanatory variables behave as hypothesised, with the exception being the variable for population decentralisation, which is not statistically signifi cant.
Three explanatory variables are statistically signifi cant in model 1. As expected, the service and fare variables are signifi cant infl uences on transit ridership, with elasticities that are consistent with values reported in the scholarly literature (0.55 and -0.35 respectively) (TRL, 2004) . Both variables refl ect policy decisions about fare and service that are under the control of transit agency managers. Model 1 indicates that employment beyond the MARTA service area does not have a statistically signifi cant effect on ridership, although the sign on the coeffi cient is in the expected direction. By contrast, employment that is outside the Atlanta CBD but inside the MARTA service area positively influences transit ridership, also as expected. The implication, based on both the statistical analysis presented here and the descriptive discussion earlier in the paper, is that MARTA is successfully serving dispersed employment centres within De Kalb and Fulton counties. The population decentralisation variable is not statistically signifi cant.
The constant is the exponential of the trend variable parameter (β 10 ). The results show β 10 to be -0.051 and its exponential is 0.95. The constant indicates, all else equal, that predicted linked trips per capita in any given year will be 0.95 times those in the preceding year; that is, the model indicates a secular decline in linked trips per capita of 5 per cent per year compounded. Because MARTA's observed linked trips per capita have declined at roughly 3 per cent per year compounded since 1995, much less than the secular trend of 5 per cent (see Table 2 ), other variables must be exerting a compensating effect on patronage per capita. The model indicates that the variable which has been having this countervailing effect is employment growth within the MARTA service area but outside the CBD.
Model 2 is displayed in the right panel of Table 4 . This model removes the trend variable. The Durbin-Watson statistic (1.849), in conjunction with the use of residual plots, indicates no autocorrelation. This model is also a statistically powerful model (adjusted R 2 = 0.890), although it is slightly less powerful than the first model. The same three explanatory variables that are signifi cant in the fi rst model are also signifi cant in this model, although their elasticities are slightly reduced. One key difference between model 1 and model 2 is that the removal of the constant (which represents the trend variable) results in the employment decentralisation variable (ratio of employment outside the MARTA service area to employment inside the MARTA service area) becoming highly elastic and statistically signifi cant.
Clearly, the trend variable is a refl ection of several negative infl uences on transit patronage over time. One of these is the decentralisation of employment, as indicated by its signifi cance in the model that excludes the trend variable. Other variables in model 1, while not statistically signifi cant in model 2, are also clearly related to the trend variable. These variables include motor fuel price, which changes signs, and per capita income, which becomes more signifi cant.
Both models shown in Table 4 reinforce earlier fi ndings on the importance of transit serving decentralised employment. In previous work, we discovered that a multidestination service orientation, through which agencies orient their service to connect riders to non-CBD destinations, was an important factor underlying changes in ridership and service productivity in large US metropolitan areas (Brown and Thompson, 2005; . Statistical analysis corroborates our hypothesis that ridership fluctuates as a function of employment in the service area, but is not linked to employment fluctuation in the Atlanta CBD. Thus, our analysis confi rms our original suspicion that MARTA is successfully reaching non-CBD employment in Fulton and De Kalb counties. As employment grows outside the CBD, but within the service area, MARTA ridership increases.
Discussion
Our Atlanta model results support many widely held notions from the transit literature. The models show that more service and lower fares increase patronage. The second model also shows that employment growth outside the transit service area has a large and negative impact on transit ridership, all else held equal. The trend variable obscures this variable's infl uence in model 1. The implication here is that MARTA needs to serve employment outside its service area if it is to grow its per capita ridership.
Both models indicate that the other employment decentralisation variable, suburban employment within MARTA's service area, is also strong and statistically signifi cant. This variable's growth has slowed dramatically in recent years, as employment growth has shifted to areas now beyond MARTA's service reach.
The combination of the two variables points to a single service strategy: provide access to dispersed employment clusters. If more employment growth had occurred inside the MARTA service area, instead of outside it, both models suggest that per capita ridership would have increased. Or, if MARTA had extended service to reach employment growth outside the service area, both models indicate that per capita ridership would have increased. Serving decentralised employment is thus integral to MARTA's ridership success.
Many readers may fi nd this relationship surprising, given the literature's widely stated assertion that suburban employment is too scattered to be served effectively by conventional fi xed-route transit. In some places this might be true, but in others it clearly is not. In fact, many transit systems in the US are increasing their ridership per capita and this increase is coming from the service they provide to suburban employment concentrations Thompson and Matoff, 2003) . For example, the most heavily travelled bus route in Portland, Oregon, operates along an arterial road lined with strip malls, big-box retail outlets, regional malls and the like, 5 miles east of the CBD (Kimpel, 2001 ). This route connects to a light rail station, allowing patrons of the bus route to access all destinations served by the transit network and patrons on the network to access the destinations along the bus route. When Portland extended its light rail line to its western suburbs, total patronage on the entire transit system increased by 16 per cent, with only a 9 per cent increase in service, because the transit network now connected moderateincome households in the eastern part of the region to concentrations of suburban jobs in the western part of the region, some of which are directly accessible from light rail stations and others which require bus transfers (Tri-Met, 2007) . Portland is one of a handful of metropolitan areas in the country that have increased ridership and increased productivity through their strategy of providing better connections to suburban jobs (Brown and Thompson, 2007) . Thus, as we contemplate the evidence from Atlanta, we see that it fi ts into a larger pattern of transit systems successfully serving suburban employment concentrations.
These findings are also consistent with Downs (2004) who reports that transit agencies can increase their ridership by serving employment concentrations. Furthermore, Downs (2004; citing Pushkarev and Zupan, 1977 and 1980) states that serving suburban employment concentrations is a more important determinant of transit ridership than serving suburban population clusters. Our model clearly suggests that structuring service to reach employment concentrations is more important than serving population concentrations and is thus consistent with this earlier observation.
If MARTA is serving suburban employment within its service area well enough for the growth of such employment to increase its patronage, would it not be possible for MARTA to cost-effectively increase its ridership by serving employment clusters now outside its service area? Until we know more about how MARTA is serving its suburban employment, we cannot answer this question.
Obviously, MARTA's service area has been legally defi ned. However, if it could change its service area boundaries, the task of serving these additional decentralised employment concentrations may not be daunting. As Figure 2 shows, most employment growth is in the inner four counties of the 20-county region and it may be suffi cient to confi ne a core network of trunk routes to employment clusters within those four counties rather than spreading it over the entire region. This is a very different approach from that now being taken in many urban areas, which is to attempt to connect far-fl ung suburbs throughout the extended metropolitan region to the CBD. The latter concept is indeed a daunting (and expensive) task and is likely to be of limited effectiveness given the stagnant nature of CBD employment. Obviously, more research is needed to determine whether a destinationbased concept of interlinked trunk routes targeted on employment clusters in the major employment-rich counties would be more effective than the typical origin-based route structure concept, but we think that the evidence that we have from Atlanta is tantalising enough to warrant that investigation.
